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Objective: To evaluate the causes of medication list inaccuracy, implement intervention to enhance overall
accuracy of medication lists and measure the sustainability of the intervention.
Methods: A prospective study of patients seen in an academic, ambulatory primary care internal medicine
clinic. Before the intervention, baseline data were analysed, assessing completeness of medication
documentation in the electronic medical record. The intervention consisted of standardising the entire visit
process from scheduling of the appointment to signing of the final clinical note by the physician. Each
healthcare team member was instructed in her role to enhance accuracy of the documented medication list.
Immediately after the intervention, a second data collection was undertaken to assess the effectiveness of the
intervention on the accuracy of individual medications and medication lists. Finally, a year later, a third data
collection was undertaken to assess the sustainability of the intervention.
Results: Completeness of individual medications improved from 9.7% to 70.7% (p,0.001). However,
completeness of the entire medication lists improved only from 7.7% to 18.5%. The incomplete documentation
of medication lists was mostly due to lack of route (85.8%) and frequency (22.3%) for individual medications
within a medication list. Also, documentation of over-the-counter and ‘‘as needed’’ medications was often
incomplete. The incorrectness in a medication list was mostly due to misreporting of medications by patients
or failure of clinicians to update the medication list when changes were made.
Conclusion: To improve the accuracy of medication lists, active participation of all members of the healthcare
team and the patient is needed.

A
s the American population ages, an increasing number of
people will be living with chronic diseases. The trend has
been to shift the care of chronically ill patients who have

marked exacerbation of their medical conditions from hospitals
to ambulatory settings.1 Admission to hospital is being reserved
for severe acutely ill or higher-risk ill patients.

The primary care ambulatory setting has become a high-
volume practice in response to increasing economic pressure.
Accommodating a large number of patients has significantly
decreased patient–physician contact time. However, a chroni-
cally ill patient usually requires more of a physician’s time than
an acutely ill patient.2 Furthermore, chronically ill patients
usually take multiple medications, and inaccurate medication
lists occur more frequently in such cases.3 4

Moreover, it has been found that inaccurate medication lists
in an ambulatory clinic cause a larger number of fatal adverse
drug effects (1 of 131 outpatient deaths) than in a hospital
setting (1 of 854 inpatient deaths).5 Therefore, ambulatory
settings would benefit from implementation of system-
designed techniques to enhance the accuracy of medication
lists for patients who take multiple medications.

‘‘Medication reconciliation process’’, one of these system-
designed techniques, is ‘‘a process of identifying the most
accurate list of all medications, including name, dosage,
frequency, and route, that a patient is taking and using this
list to provide care for a patient in whatever their [sic] setting.’’6

Most previous studies examining the accuracy of medication
lists were conducted in a hospital setting.7–11 Very few studies
have been performed in an outpatient setting.3 4 12 The latter
studies were observational and showed that the level of
accuracy of medication lists was similar between electronic
medical records (EMRs) and paper records. This finding
suggests a need to redesign the process of care in outpatient
practice to improve the accuracy of medication lists.

The aims of our prospective study were to identify the causes
of inaccurate medication lists, to design interventions to deal
with the problem, and to improve the accuracy of the lists and,
thus, patient safety.

METHODS
This prospective study was conducted from April 2005 to April
2006 in one section of a primary care internal medicine clinic in
the Division of Primary Care Internal Medicine at Mayo Clinic
Rochester. The clinic comprises eight staff physicians and 23
resident physicians, who together provide care for about 1200
primary care patients a month. This study was approved by the
Mayo Clinic Institutional Review Board.

Medication list
Mayo Clinic Rochester has an EMR with a Mayo-developed
clinical notes application called a document browser. All visits
are recorded in the document browser. The medication list is
contained within each note and is entered into a free text field
with no interface to decision support or order entry.

Patient population
Any patient with a physician’s appointment in the primary care
internal medicine clinic was eligible for the study, even if they
were taking no medications. However, patients who previously
had refused to give consent for the use of their records for
research or who were unable to communicate by telephone
were excluded from the study.

Abbreviations: EMR, electronic medical record; LPN, licensed practical
nurse
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Patient sample selection
Data were collected from three periods: pre-intervention,
immediately post-intervention and a year after the start of this
study (sustainability). Patient selection consisted of randomly
selecting and reviewing the clinical notes of 10 patients daily
from the pool of all patients seen each day in our clinic, using a
table of random numbers. Pre-intervention patient selection
consisted of reviewing randomly selected electronic clinical
notes of 65 patients evaluated in our primary care internal
medicine clinic during April 2005. Immediately after the
intervention, randomly selected clinical notes of 100 patients
were reviewed in July 2005 (post-intervention). To determine
the sustainability of the intervention, randomly selected clinical
notes of 65 patients were reviewed in the first trimester of 2006
(sustainability).

Completeness of the medication list
An individual medication was defined as ‘‘complete’’ if the
name, dose, frequency, and route of administration were
documented. A medication list was defined as ‘‘complete’’ if
all four components were documented for each individual
medication in the medication list. The completeness of an
individual medication and the medication lists was assessed by
abstracting the information from the EMR.

Correctness of the medication list
A medication list was defined as ‘‘correct’’ if there was no
discrepancy in the name, dose and frequency between the
current medication list documented in the EMR and the
medications the patient was actually taking at home. An
individual medication was defined as ‘‘correct’’ if there was no
discrepancy in the name, dose and frequency of an individual
medication item. An individual medication is defined as
accurate when its is both complete and correct. The
Institutional Review Board permission to call patients at home
was granted on July 2005. Therefore, a baseline data collection
for correctness was obtained during the first half of July
(correctness pre-intervention). An intervention was implemen-
ted and a second data collection was conducted during the
second half of July (correctness post-intervention). To assess
the correctness of the medication list of each patient, each
selected patient was contacted at home and asked to read from
their medication containers the name, dose, frequency, and
route of each medication he or she was currently taking. This
information was compared with that documented in the
patient’s EMR. Patients were excluded from the correctness
portion of the study if they were not contacted within 5 days of
their index visit.

Intervention
The completeness portion of this study had three different
measurement periods. The first measurement, or pre-interven-
tion measurement, determined how often documented medica-
tion lists were complete and the major types of incompleteness.
This was followed by an intervention, implemented in July
2005. The impact of the intervention on the accuracy of
individual medications and medication lists was reassessed
(post-intervention measurement). Finally, to assess the inter-
vention sustainability, a third measurement was undertaken
about a year after the start of the study (sustainability
measurement).

Pre-intervention phase
The major types of incompleteness for medication lists were
identified after the pre-intervention data collection. Data
collected were analysed and the findings communicated
to a multidisciplinary team consisting of physicians, nurses,

administration, and allied health professionals. Review of the
rooming process of patients showed that our primary care
internal medicine clinic had two different rooming processes.
Patients were usually put in an examination room by a licensed
practical nurse (LPN), who reviewed the medications with the
patient and entered an updated medication list into the EMR as
a preliminary note. However, occasionally, the patient was put
in the examination room by a clinical assistant and the
physician was responsible for reviewing and updating the
medication list and dictating a note. In both cases, the
physician was responsible for reconciling the medication list
with the patient during the visit.

Intervention phase
The post-intervention measurement took place after the
intervention was implemented. The intervention consisted of
two steps. The first step of the intervention was implemented in
May 2005—all members of the healthcare team were taught
what constituted a complete and correct medication list. The
nurses and physicians were also provided with the results of the
pre-intervention performance. In addition, the same rooming
process was used for all patients, with an LPN obtaining and
documenting the patient’s medication list and writing a
preliminary note in preparation for the visit to the physician.
The second step of the intervention was implemented in mid-
July 2005, the entire patient’s visit from the scheduling of the
appointment to the signing of the final clinical note by the
physician was reviewed, and each member of the healthcare
team was instructed on his or her role in improving the
completeness and correctness of the medication list. These roles
included the following:

N When the appointment was being scheduled the appoint-
ment secretary reminded the patient to bring an updated list
of medications or medication containers to the appointment.

N When the patient arrived for the appointment, the recep-
tionist gave the patient a form to record all medications in
case the patient had not brought the medication containers
or an updated medication list to the appointment.

N An LPN was trained to record all four components for each
medication in a preliminary electronic note.

N The physician was advised to reconcile and update the
medication list in the electronic note if he or she made any
additions, deletions, or revisions to the list.

N A transcriptionist was asked to check with the physician if
any discordance between the physician’s dictation and the
medication list was noted in the clinical note.

The overall impact of all the multiple interventions on the
accuracy of the medication list was measured; not, the impact
of each individual intervention separately.

Sustainabili ty phase
A third data collection was done in the first trimester of 2006 to
determine the sustainability of the intervention. Between
August 2005 and the first trimester of 2006, the definition of
medication reconciliation and what constituted a complete and
correct medication list was reinforced twice: first, by an
institutional communication to all employees and second, by
an internal email communication to the LPNs.

Statistical analysis
Univariate comparisons between study phases were made using
two-sample t tests for continuous variables and x2 tests for
categorical measures. In this study, the statistical analysis took
into account that most patients have multiple medications by
using generalised estimating equations within a logistic
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regression model. Analysis was performed on three sets of
medications: (a) all medications; (b) prescription medications
only; and (c) prescription and scheduled medications only.
Prescription medication was defined as any medication that
needed a prescription by a physician/nurse practitioner/physi-
cian assistant for the purchasing of the medication within the
United States—that is, all medications excluding over-the-
counter medications. Scheduled medications were defined as
medications that had to be taken at regular intervals of time.
The minimum sample size to obtain a significant improvement
in medication list accuracy with 80% power was found to be 65
in each phase. The statistical software package SAS (SAS
Institute Inc., Cary, North Carolina, USA) was used for data
analysis.

RESULTS
Patient characteristics
Table 1 lists the clinical characteristics of the patients
participating in the completeness arm of the study. No
significant difference was noted among the pre-intervention,
post-intervention and sustainability measurements.

The mean number of medications taken by patients ranged
from 6.6 to 7.5, of which approximately 35% were over-the-
counter and 4% were taken on an ‘‘as-needed’’ basis for
symptoms. Older patients were noted to take more medications
than younger ones and women, on average, took more
medications than men.

Completeness
The number of complete individual medications and the
number of complete medication lists increased at post-inter-
vention and sustainability phases of the study (table 2). As a
result of the intervention, there was a significant improvement
in the documentation of medication dose and route (p,0.03).
Also, documentation of dose significantly improved at the
sustainability phase of the study (p,0.001) as shown in table 2.

Individual medications and medication lists for all medica-
tions were found incomplete more often than those for
prescribed and scheduled medications. The completeness of

both medication lists and individual medications improved
even further when prescription and scheduled medications
were analysed (fig 1).

Correctness
Not all patients selected to participate in the completeness
portion of the study agreed to participate in the correctness
portion of the study (fig 2). Sixty-nine per cent of the eligible
patients agreed to participate in the correctness pre-interven-
tion phase (59 out of 86 patients contacted), while 61% of
eligible patients agreed to participate in the correctness post-
intervention phase (61 out of 100 patients contacted). Of all the
patients who agreed to participate in the correctness phase, 65%
were contacted on the same day as the visit to the outpatient
clinic, and the other 35% were contacted within 5 days after
their latest visit.

When comparing correctness pre-intervention and
post-intervention groups, differences between the clinical
characteristics of patients whose medication lists were assessed
for correctness were not significant. However, several clinical
differences were noted between participants and non-partici-
pants in the correctness portion of the study. The participants
were younger, less likely to have been evaluated by a staff
physician, and were taking fewer medications.

The major reason a medication list was incorrect was the
current EMR list included medications no longer taken by the
patient. Incorrect dose and frequency of medications were also
causes for the list being incorrect. In addition, when contacted
at home, patients reported taking medications that were not
listed in the EMR medication list. Comparison of data collected
pre- and post- intervention showed no statistically significant
improvement in the correctness of individual medications or
medication lists (table 3).

DISCUSSION
This study showed that significant improvement in the
completeness of the documentation of individual medications
and lists in an outpatient primary care practice can be achieved
in a short time by involving and training all members of the

Table 2 Complete medication lists and reasons of incomplete lists for pre-intervention, post-
intervention and sustainability for all medications from EMR

Variable
Pre-intervention
(n = 65)

Post-intervention
(n = 100)

Sustainability
(n = 65)

Complete lists, No (%) 4 (7.7) 17 (17.0) 12 (18.5)
Complete medications, No (%) 42/435 (9.7) 431/692 (62.3)* 345/488 (70.7)*
Reasons for incompleteness (%)

Name 1.4 0.43 0.61
Dose 27.4 21.7* 12.9*
Route 85.8 16.8* 13.1
Frequency 22.3 14.3* 12.9

*Indicated statistics are significantly different from the prior time period (p,0.001).

Table 1 Clinical characteristics of completeness of pre-intervention, post-intervention, and
sustainability measurements

Characteristics
Pre-intervention
(n = 65)

Post-intervention
(n = 100)

Sustainability
(n = 65)

Mean age of patients (years) 55.6 56.5 59.3
Male sex (%) 35.4 50.0 47.7
All medications (mean No) 6.6 6.9 7.5
Prescribed medications (mean No) 4.3 4.5 4.7
Prescribed and scheduled medications (mean No) 3.8 4.2 3.9
Patients seen by staff physician (%) 61.5 66.0 78.5
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healthcare team and standardising the rooming process. Even
though, the assessment of morbidity and mortality due to
inaccurate medication documentation was not examined in this
study, it is clear that of the four elements required for a
complete individual medication, discrepancies of name, dose
and frequency are most likely to be associated with patient
morbidity and mortality than discrepancy in route. The observed
improvements on dose and frequency could probably be attributed
to the education and diligent effort of the LPNs and physicians on
obtaining dose and frequency of over-the-counter and as-needed
medications from their patients. There may also have been an
cumulative benefit over time, as patients returned to the office
more than once after the intervention was started, allowing for
additional editing of the medication list.

Improving the correctness of medication lists is especially
challenging because it requires the active participation of
patients. Previous studies have shown that less than 30% of
patients dismissed from hospital can communicate accurately
about the medications they take.13 Therefore, as might be
predicted, the majority of patients in our study did not bring a
medication list or medication containers to the appointment
with the physician, even when reminded by the appointment
secretary. One possible explanation is that patients might have
had the erroneous impression that the physicians had an
accurate list in the EMR. Therefore, patients did not think it
necessary to have a list or to bring their medications to the
appointment. This indicates that healthcare organisations need
to improve educational efforts aimed at helping patients
understand why medications have been prescribed and why
they should be knowledgeable about the medications they are
taking.

Our study showed that the major causes of inaccurate
medication lists are misreporting of medications by patients
and the failure of clinicians to update the list, including the
addition and deletions of agents. This is in agreement with the
findings reported by Bedell et al3 and Wagner and Hogan.12

Furthermore, 83% of the medication lists were incorrect at the
post-intervention phase and 81.5% at the sustainability phase.
These values also are in agreement with those of Bedell et al,3

who documented a 76% discrepancy in medication lists.
However, in their criteria, Bedell et al did not include
documentation of the route of administration. Furthermore,
in contrast to Bedell et al, we found a smaller percentage of
discrepancies due to (a) failure to record medications that
patients were actually taking (this study 8.3% vs Bedell 51%);
(b) inclusion of medications on the list patients were not taking
(this study 12.2% vs Bedell 29%); and (c) incorrect dosing of
medications (this study 19.1% vs Bedell 20%).

An expected finding was the difficulty in obtaining from
patients an accurate list of over-the-counter and unscheduled
medications. Under-reporting of dietary supplements and over-
the-counter medications has been described by Hensrud et al.14

Patients often struggle to remember the name, dose, and
frequency of these types of medication, perhaps because they
do not consider them medications or because they take them so
infrequently they do not remember them, or for both reasons.
Continuing discussion with patients about the importance of
documenting all the medications they take and identifying
optimal aids to help patients keep the list accurate— for
example, by providing access to the EMR from home and the
ability to edit the list, are areas for clinical improvement.

To improve medication completeness further a future study
might possibly focus on personalised feedback to the LPN. In

Figure 2 Distribution of participants and non-participants in completeness
and correctness portions of the study. I = Pre-intervention; II = post-
intervention.

Table 3 Correctness of medication lists and reasons for incorrectness of pre-intervention and
post-intervention for all medications from interviewing patients

Pre-intervention
(n = 59)

Post-intervention
(n = 61) p Value

Correct lists, n (%) 14 (23.7) 11 (18.0) 0.442
Correct medications, n (%) 236/396 (59.6) 237/434 (54.6) 0.147
Reasons for incorrectness (%)

Name 0.76 1.2 0.561
Dose 2.5 1.6 0.354
Frequency 8.8 10.8 0.337
Medications deleted from list 16.4 12.2 0.080
Medications added to list 8.6 8.3 0.880

Figure 1 Improvement in completeness of all individual medications,
prescription medications, and prescription and scheduled medications.
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addition, the LPN could be asked to reinforce with the patients
the importance of bringing in their medication containers or an
updated list of medications to each visit.

Study limitations
Our prospective study had several limitations. Because the
intervention was implemented for our entire primary care
internal medicine practice, we had no corresponding control
group to compare with the post-intervention group; however,
the pre-intervention measurement can be used as a historical
control. The results were based on a single primary care internal
medicine practice, which may not be generalised to other
practice settings. The correctness evaluation during the
sustainability phase of this study was limited by the difficulty
of reaching patients by telephone at home within the 5 day
limit of the protocol. Lastly, in this study, the ‘‘gold standard’’
for correctness evaluation was direct communication with
patient and not the pharmacy database.

CONCLUSION
The results of this study showed that significant improvement
in the complete documentation of the entire medication list and
individual medications in an outpatient primary care practice
can be achieved in a short time by involving and training all
members of the healthcare team, by providing performance
feedback, and by standardising the rooming process. Further
improvement in the accuracy of the medication list can be
achieved by providing performance feedback to individual
members of the healthcare team, giving them personalised
input about their performance, and educating them in areas of
deficiency.
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